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In this talk, we report the recent progress on constructing a phenomenological effective model
for the heavy-light quark systems, which consist of (u, d, s, c, b) quarks, i.e. extended nonlocal
chiral-quark model (ExNLChQM). We compute the heavy-meson weak-decay constants to ver-
ify the validity of the model. From the numerical results, it turns out that (fD, fB , fDs , fBs) =
(207.54, 208.13, 262.56, 262.39) MeV. These values are in relatively good agreement with experimen-
tal data and various theoretical estimations.
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I. INTRODUCTION
The heavy-quark effective field theory (HQEFT) is a very powerful theoretical tool to investigate various heavy
hadrons [1]. HQEFT manifests the heavy-quark symmetries: Spin and heavy-flavor symmetries [1]. In general,
they are not obvious in full QCD but become relevant in the heavy-quark limit mQ → ∞. Using HQEFT, the
light-quark component of the heavy meson was treated nonperturbatively, manifesting the spontaneous breakdown
of chiral symmetry (SBCS), in many different methods [2–5]. In the present talk, we report the recent progress
on constructing a new effective model for the heavy hadrons. The model is based on two ingredients in principle:
HQEFT and nonlocal chiral-quark model (NLChQM) for the heavy and light quarks, respectively [6–8], resulting in
the extended NLChQM (ExNLChQM). Intuitively, the heavy-meson mass can be regarded as the total sum of the
various light and heavy quark masses, i.e. the effective and current ones:
1869 MeV︸ ︷︷ ︸
Dmeson mass
> 350 MeV︸ ︷︷ ︸
light quark effective mass
+ 1290 MeV︸ ︷︷ ︸
heavy quark current mass
. (1)
From Eq. (1), one needs additional 200 MeV mass. Hence, we assume that this additionally (effective) mass can be
generated from the similar mechanism with the light quark, i.e. from the nontrivial contributions from the QCD
vacuum. For more details, one can refer [9, 10]. This is a main idea to construct ExNLChQM. We organize the report
as follows: In Section II, we discuss the formulation of ExNLChQM. Section III is devoted to the numerical results
with relevant discussions. Summary and conclusion will be given in Section IV.
II. THEORETICAL FRAMEWORK
Using a generic functional integral technique, we can arrive at an effective action for the heavy-light quark systems
from the effective Lagrangian density of ExNLChQM [9, 10]:
SLL+HL+LHeff = −iSp ln
[
−
(
1
fH
√
MQH
√
Mq
)
(iv · ∂ −MQ)−1
(
1
fH
√
MqH¯
√
MQ
)]
, (2)
where M¯q = mq +Mq. The momentum-dependent effective masses for the heavy and light quarks are given by
M(q,Q) = M(q,Q),0
[
2Λ2(q,Q)
2Λ2(q,Q) − |i/∂|2
]2
, (3)
where (Λq,ΛQ) = (600, 1000) MeV [9, 10]. fH denotes the weak-decay constant for the heavy meson. We determine
MQ,0, which is the effective heavy-quark mass at zero virtuality, from a simple phenomenological analysis:
MH ≈ [mq +Mq,0]L + [mQ +MQ,0]H . (4)
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FIG. 1: (Color online) fD,Ds (left) and fB,Bs (right) as functions of ΛQ at Λq = 600 MeV. The numerical results for the non-
strange and strange mesons are shown with the solid and dot lines, respectively. The experimental data are taken from [11, 12].
Note that the experimental errors are given with the shaded areas.
From the experimental data for D and B mesons, we can estimate the values of MQ,0 for numerical calculations with
Mq,0 ≈ 350 MeV [7]:
MD = 1869.57 MeV ≈ 1625.0 MeV +MQ,0 →MQ,0 ≈ 244.57 MeV
MB = 5279.17 MeV ≈ 5025.0 MeV +MQ,0 →MQ,0 ≈ 254.17 MeV. (5)
The heavy-meson weak-decay constant, fH is defined by the following:
〈0|q¯(x)γµ(1− γ5)τaQv(x)|Hb(p)〉 = 2ipµfHδab. (6)
The matrix element in the left-hand-side of Eq. (6) can be easily derived from the functional derivative of the effective
chiral action in Eq. (2).
III. NUMERICAL RESULTS
In Fig. 1, we depict the numerical results for fH as functions of ΛQ by fixing Λq = 600 MeV. The horizontal lines
indicate the global fit data with errors (shaded areas). To reproduce the data, we fix ΛQ = 1 GeV for every heavy-
quark flavors as shown in the figure and mentioned in Sect. 2. From those Λ parameters, we have (fD, fB , fDs , fBs) =
(207.54, 208.13, 262.56, 262.39) MeV. Hence, we have the following tendency from the present model:
(fD ≈ fB ≈ 210 MeV) < (fDs ≈ fBs ≈ 260 MeV). (7)
These computed values are well compatible with other theoretical estimations including lattice QCD simulations.
Detailed comparisons are given in Fig. 2.
IV. SUMMARY AND CONCLUSION
In the present work, we have investigated the weak-decay constants for the heavy PS-mesons consisting of the
(u, d, s, c, b) flavors, i.e. fD,B,Ds,Bs , using ExNLChQM. We list two important observations in the present work:
• We employ a phenomenological correction factor for the inclusion of the strange quark, compensating the 1/Nc
corrections. By doing that, we obtain fD,Ds,B,Bs = (207.53, 262.56, 208.13, 262.39) MeV, which are qualitatively
compatible with available experimental and theoretical values.
• It is justified that the vacuum structure due to the heavy quarks is modified in comparison to that for the light
quarks by seeing that Λq 6= ΛQ. This tendency also signals the breakdown of the SU(5) flavor symmetry at the
quark level, in addition to mq 6= mQ.
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FIG. 2: (Color online) Theoretical results for fD,Ds,B,Bs from the present calculations, clover-improved quenched LQCD [13],
field-correlator method (FC) [3], QCD sum rule [14], light-front quark model (LQM) [15], Bethe-Salpeter method (BS) [16],
relativistic quark model (RQM) [2], and light-cone wave function (LC) [4].
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